The distribution patterns of three European newt species (Triturus macedonicus, Lissotriton vulgaris, and Mesotriton alpestris) was determined in the Montenegrin karst region and the influence of breeding ponds, the adjacent landscape, and climate variables on distributions within the framework of allotopy vs. syntopy occurrences was tested. After surveying 145 newt breeding sites in a 10,080 km 2 area, the ranges of T. macedonicus and M. alpestris were found not come into contact, while L. vulgaris, the most widely distributed species, covers the entire range of T. macedonicus and the lower part of the range of M. alpestris. Using Akaike's Information Criterion (AIC) to evaluate the effectiveness of 70 a priori models in predicting the presence of the three newt species, it was found that: (1) elevation is the most important variable in predicting newt presence; (2) only a few elevation-dependent variables can replace elevation in the building of a good descriptive model; (3) precipitation in combination with elevation contributes significantly to the building of a better descriptive model; and (4) in comparison with allotopy, syntopy mostly occurs at intermediate elevation ranges of species in sympatry.
Introduction
Understanding a species' distribution and its limiting factors has long been a topic of interest for ecologists (e.g., Brown & Lomolino 1998; Caughley et al. 1988; Holt 2003) . In addition to ecological and environmental factors, historical origins and the present-day dispersal of individuals, interactions with other species may also have a large influence on a species' distribution and can mold the range limits over both ecological and evolutionary time scales (Case et al. 2005) . Despite the potential complexity of multi-species interactions and evolutionary responses, empirical research has shown that range limits have a substantial amount of predictability (Parmesan et al. 2005) .
In the breeding period, European newts (Triturus spp., Mesotriton alpestris, and Lissotriton spp.) use a variety of habitats, mostly lentic, which differ in both abiotic and biotic factors (e.g., Jakob et al. 2003) . The quality and quantity of these factors partially determine the presence of populations to the extent that some features can be isolated as of particular diagnostic importance and used as a basis for determining the likelihood of newt occurrence (e.g., Oldham et al. 2000) . Landscape characteristics, such as the density of nearby water bodies and the possible network of migration corridors (e.g., Joly 2001; Van Buskirk 2005) , are very important because newts exhibit limited dispersal abilities, spawning-site fidelity and structuring as demes (Arntzen & Wallis 1991; Ficetola & Bernardi 2004; Smith & Green 2005; Jehle & Sinsch 2007) . However, understanding of the newt-speciesdistribution causalities has been largely improved using spatial-environmental modeling of environmental characteristics in studies aimed at elucidating problems such as the determination of a species' range limits, the definition of the biogeographical history of species, and the impact of climate warming (e.g., Teixeira et al. 2001; Teixeira & Arntzen 2002; Arntzen 2006; Skei et al. 2006; Arntzen & Themudo 2008 ).
The present study had two objectives. Firstly, based on field surveys the distribution patterns of three European newt species within restricted parts of their ranges on the Balkan Peninsula was documented. These species were: Triturus macedonicus (Karaman, 1922) (one of the five crested newt species of the Tritu-746 R.Ćirović et al.
rus cristatus superspecies group, see Arntzen et al. 2007) , Lissotriton vulgaris (L., 1758), and Mesotriton alpestris (Laurenti, 1768). The Montenegrin karst area, still under-explored in terms of the European newts' ecology, was chosen for two reasons. This area harbors geographically peripheral populations of these species (Lesica & Allendorf 1995; Araújo & Williams 2001) , which was claimed to be important for the appropriate construction of descriptive distribution models (see Arntzen 2006) . In addition, the newt species in this area have allopatrical and sympatrical distribution patterns, while in sympatry they practice allotopic and syntopic distributions at a number of breeding sites.
The second objective of this study was to test the hypothesis that breeding pond characteristics, landscape, and climate structures have different influences on the distribution patterns of the three newt species in the Montenegrin karst via constructing descriptive distribution models within the framework of allotopy and syntopy occurrences.
Material and methods

Study area
The karst region in Montenegro can be divided into two parts separated mainly by a spacious depression. The landscape of the northern Upper Zone is exclusively mountainous, covered with forests and grasslands, with little bare karst. The glacial and cryonival reliefs are extremely widespread. Small running waters are relatively common, but lakes of various sizes, mostly of glacial origin, as well as different kinds of ponds, are the newts' virtually exclusive breeding sites. On the contrary, the landscape of the southern Lower Zone is less elevated, with bare karst (named holokarst) over its largest part. Most of it is exposed karst with scanty growth of crack plant dwellers. The Lower Zone is a flowing-water-free karst region. Relatively scarce surface water bodies, usually at the sites of sinkholes and potholes with impermeable bottoms, are the only sites available for newt reproduction. The holokarst is characterized for the most part by permanent ponds, the majority being artificial or partly artificial.
Sampling protocol
The study was carried out over the period 2002-2005 at 145 historically fishless breeding sites. In order to ensure high quality data, 119 breeding sites were considered (for geographic positions see Appendix 1). The survey covered an area of about 10,080 km 2 . The identified breeding sites were visited during at least two breeding seasons. As an effective method for species that breed in lentic water, Visual Encounter Survey-VES (Crump & Scott 1994) was the most frequently used technique throughout the study. Each aquatic site was surveyed for 45 minutes. Most newts were identified by sight, but dip nets were used in areas with vegetation or where water clarity was poor. Visual encounter surveys were made around water body perimeters as well. After identification, the newts were released at the site of capture. The newts were classified as absent or present.
Environmental data
For each site, information on 24 characteristics of breeding ponds, landscape, and climate (see Appendix 2 for the list and explanations) were gathered. A field study provided data on aquatic site positions (latitude, longitude), elevation, and breeding pond characteristics (habitat origin and category, water permanency, water vegetation, and pH). Information on fish occurrence was based on observations and interviews. Other landscape (aspect, slope, and land cover data) and climate characteristics (various temperature, humidity, and precipitation variables) were derived from GIS. Land cover data for adjacent breeding site surroundings were classified according to Corine land cover 2,000 classes (see Appendix 2 for the list of classes). Longitude, latitude, and elevation were obtained with a Garmin eTrex venture personal navigator (precision ± 5 m). Position and elevation of each locality were checked and corrected according to 1:25,000 topographic maps. Maps of climatic data were digitized from the Montenegro Climate Atlas (Anonymous (1969 (Anonymous ( -1976 ) made by the Federal Hydro-meteorological Institute of Yugoslavia. For the analyses, 30-year average climatic values for each site were used.
Statistical analyses
Spearman rank correlation coefficients were calculated for the whole set of environmental variables. Distance measures between the continuous environmental variables were calculated according to the dissimilarity algorithm 1 minus the absolute value of the Spearman correlation, which assigns a value of 0 to maximum similarity and a value of 1 to minimum similarity. These values were then used to construct UPGMA (unweighted pair-group method using arithmetic averages) dendrogram. Variable pairs with Spearman's rs > 0.8 were treated as highly correlated, but none of the scored variables were a priori excluded. Prior to further analyses, all continuous variables were standardized to an average zero and a standard deviation of one in order to increase compatibility of the variables' effects.
Fifty-five breeding sites were found with L. vulgaris as the only newt, 19 sites where L. vulgaris and T. macedonicus co-existed, only three sites with T. macedonicus in allotopy, 32 sites in which M. alpestris occurred alone, and 10 sites with M. alpestris and L. vulgaris in syntopy. Due to small sample size, sites with T. macedonicus in allotopy were excluded from further analyses. For the purpose of this paper, four groups of breeding sites which were inhabited by newts in allotopy or in syntopy with other species were formed. Based on such grouping, four data sets were formed by contrasting groups in a two-by-two manner in logistic regression analyses. Managing data in this way avoids the inclusion of false absence data. SET 1 included allotopic sites of L. vulgaris vs. syntopic sites of L. vulgaris and T. macedonicus; SET 2 included allotopic sites of L. vulgaris vs. syntopic sites of M. alpestris and L. vulgaris; SET 3 included allotopic sites of M. alpestris vs. allotopic sites of L. vulgaris; SET 4 included allotopic sites of M. alpestris vs. syntopic sites of M. alpestris and L. vulgaris. In order to obtain balanced data sets, the outnumbering cases were down-weighted.
To investigate the influence of breeding pond, adjacent landscape, and climate characteristics on the distribution patterns of the three newt species in the Montenegrin karst, 70 a priori logistic regression models were built using 24 environmental variables. The information-theoretic approach was used in model selection (Burnham & Anderson 2002) . This approach enabled to create an almost infinite number of independent models. The limit for model building is to avoid using correlated variables in the same model without a priori exclusion of variables. The information-theoretic approach allows one to select the "best" model and to rank the remaining models. For each model, the AIC value was calculated using correction for small sample sizes (AICc), which is a measure of model fit adjusted for the number of parameters (Burnham & Anderson 2002) . All models were ranked according to their AICc values, and the best model had the smallest AICc value (Burnham & Anderson 2002) . Delta AICc (∆AICc) were calculated, being the difference in AIC between each model and the best model in the set. AIC differences less than two were considered to indicate little difference between the models, while differences of 4-7 indicated considerably less support. A ∆AICc larger than 10 indicated that a model was very unlikely (Burnham & Anderson 2002) and therefore it was completely excluded from further calculations. Akaike weights (w i) were calculated for candidate models (∆AICc < 10) to determine the weight of evidence in favor of each model and to estimate the relative importance of each individual parameter included in the confidence set of models (∆AICc < 2). Model-averaged estimates for variables included the confidence set of models and their unconditional standard errors (SE).
Results
Distribution pattern
The field surveys provided insight into the current geographical distribution of Triturus macedonicus, Lissotriton vulgaris, and Mesotriton alpestris in Montenegro. For the most part, T. macedonicus occupied the lower parts of the Montenegrin karst area, being restricted to its eastern portion, whereas M. alpestris occupied the upper parts with non-restricted west-east distribution. L. vulgaris, as an opportunistic species, appeared to be the most distributed newt, avoiding only the uppermost zones [geographic positions of newt breeding sites are given in the scatter plot along elevation and longitude/latitude gradients ( Fig. 1) ]. The ranges of T. macedonicus and M. alpestris did not come into contact (full allopatry), whereas L. vulgaris covered the entire range of the crested newt (full sympatry), and, as noted above, most of the alpine newt range (partial sympatry). Breeding sites with newt allotopy and syntopy seem to be randomly distributed within the overlapping species ranges. Out of 84 L. vulgaris sites, the frequency of syntopy with the other two species was 34.5% (22.6% with T. macedonicus and 11.9% with M. alpestris). Out of 42 M. alpestris sites, syntopy with L. vulgaris occurred in 23.8% of cases.
Variable correlation
Discrete environmental variables showed no correlations with other variables, either discrete or continuous. A substantial number of continuous variables showed intercorrelations. The UPGMA dendrogram revealed two primary clusters (Fig. 2) . The first cluster included temperature, humidity variables and elevation as higly correlated and the second cluster considered precipitation variables as highly correlated. Slope showed no correlation with any of the tested environmental variables. 
Logistic regression analyses
Seventy logistic regression models for each of the four data sets (see material and methods for data set definition) were generated in order to contrast the habitat and landscape characteristics of localities. The rule that ∆ i < 2 suggests substantial evidence for the model (Burnham & Anderson 2002) indicated that the first five models for SETs 1, 2, and 3, and 11 models for SET 4, out of 70 models were most likely in explaining newt distribution in the Montenegro karst, and therefore included in our confidence set of models (Table 1) .
Elevation was included either directly or indirectly (via correlated variable) in each model of confidence set for all data sets. Variables not correlated with elevation, but included in confidence set models, appeared to be as follows: the number of days per year with precipitation over 20 mm (NP20) for SETs 1, 2, and 3; precipitation for no vegetation period (POM) for SETs 2, 3, and 4; precipitation for vegetation period (PAS); and the mean annual precipitation (PAN) for all four data sets (Table 1) .
Models with the best discriminatory power were found by analyzing L. vulgaris in contrast to M. alpestris [according to the Akaike weight (w i ), the confidence set of models had a 72.2% chance of being the best among candidate sets of models], and L. vulgaris Table 1 . Highest-ranked logistic regression models of differences in the three newt species distributions in Montenegro karst. Statistics include the number of estimated parameters (K), -2 (log likelihood) (-2ln L), the second-order Akaike Information Criterion (AICc), AIC differences (∆ i ), and Akaike weights (w i ). Models are listed in descending order of w i . Models with ∆ i > 2 are not shown for clarity.
Model
Model alpestris to M. alpestris/L. vulgaris (45.2% chance), which paralleled the fact that L. vulgaris overlapped with the T. macedonicus distribution range much more than with the M. alpestris distribution range, and that the difference in elevation between M. alpestris and M. alpestris/L. vulgaris was the smallest compared to other analyzed data sets. The relative importance of each variable in the confidence set of models was estimated via the sum of the Akaike weights (w + ) of candidate models (models with ∆ i < 10) including the variable. The NP20 was a very important variable in explaining the L. vulgaris vs. L. vulgaris/T. macedonicus differences in distribution, followed by elevation and variables correlated with it (HJAN and HVEG). Elevation was the most important variable in explaining the L. vulgaris vs. M. alpestris/L. vulgaris and the M. alpestris vs. vulgaris differences in distribution ( Table 2 ). The relative importance of variables in explaining the M. alpestris vs. M. alpestris/L. vulgaris differences in distribution was almost the same, with elevation, precipitation for vegetation period (PAS), and mean annual precipitation (PAN) slightly in advance of the others (Table 2) . Other habitat and landscape variables not included in the confidence set of models had a very low relative importance (w + SET 1 = 0.022; w + SET 2 = 0.010; w + SET 3 = 0.038; w + SET 4 = 0.052).
Based on model averaging, the probability of L. vulgaris occurrence compared to L. vulgaris/T. macedonicus increased with increasing elevation (or HJAN or HVEG as elevation representatives) and decreasing precipitation (NP20, PAS, or PAN) ( Table 2 ). Five out of six variables had a very strong effect on the L. vulgaris vs. L. vulgaris/T. macedonicus occurrence, as their 90% confidence intervals excluded the zero value. The probability of L. vulgaris occurrence compared to the M. alpestris/L. vulgaris occurrence increased with decreasing elevation and increasing precipitation (PAS, PAN, POM, or NP20) ( Table 2) . None of the variables had a strong effect, as their 90% confidence intervals included the zero value. The probability of M. alpestris occurrence compared to L. vulgaris occurrence increased with increasing elevation (or HJAN as an elevation representative) and decreasing precipitation (PAN, POM, or PAS) ( Table 2) . Only elevation and HJAN had 90% confidence intervals without the zero value. The probability of M. alpestris occurrence compared to M. alpestris/L. vulgaris occurrence increased with increasing elevation (or TAMP or NT0 as elevation representatives) and increasing precipitation (PAS, NP20, PAN, or POM) ( Table 2) . Only elevation and PAS had confidence intervals without the zero value.
Discussion
As far as breeding sites are concerned, the Montenegrin karst newts' aquatic preferences overall appear to fit into the general picture of the "preferable" newt breeding site (a water body with a relatively stable hydroperiod, with dense aquatic vegetation, intermediate pH, and ionic concentration, and without fish) (e.g., Arntzen & Teunis 1993; Ildos & Ancona 1994; Marnell 1998; Oldham et al. 2000; Babik & Rafinski 2001; Joly et al. 2001; Denoël et al. 2005; Skei et al. 2006; Denoël & Lehmann 2006) . However, regarding the aquatic preferences of new species in the Montenegrin karst area, none of the breeding site characteristics could discriminate newt species, both in syntopy and allotopy.
Topographical characteristics, such as elevation and slope, have a substantial impact on the distribution of salamanders (e.g., Teixeira et al. 2001; Teixeira & Arntzen 2002; Themudo & Artzen 2007) . Several landscape characteristics surveyed in our study (slope, aspect, and adjacent land cover data) did not provide discriminative power between the three Montenegrin newt species, but elevation appears to have the highest discriminative impact. Also, models combining elevation with precipitation variables showed discriminative power between the analyzed newt species distribution patterns.
Regarding the wide distribution of L. vulgaris and the narrow distribution of T. macedonicus with very rare localities with T. macedonicus allotopy, models with T. macedonicus and L. vulgaris could be identified as models which actually explain the distribution of T. macedonicus in the karst area of Montenegro. Our analysis indicated that T. macedonicus, in contrast to L. vulgaris in allotopy, requires low elevation supported by low mean January humidity (HJAN). Also, low mean humidity for the vegetation period (HVEG) appears as a good elevation representative. M. alpestris, in comparison to L. vulgaris in allotopy, requires high elevation supported by high mean January humidity (HJAN) which appears as a good elevation representative. Compared to L. vulgaris, T. macedonicus requires high, while M. alpestris prefers low precipitation levels. As expected, distributions of syntopy breeding sites in the Montenegrin karst follow the basic species affinities and, in comparison to allotopy, syntopy mostly occurs at intermediate elevation ranges of species whose ranges overlap.
Our results also showed that although the majority of climate variables are highly correlated with elevation, only a few of them can replace elevation in building a good descriptive model.
In summary, the current distribution pattern of the three newt species in the Montenegrin karst region could be explained, at least partially, by landscape and climate factors. However, our study cannot explain whether the ranges of the studied species are governed principally by direct interactions of species with the physical environment or are indirect, via influence of key species (competitors, predators, mutualists, etc) . Also, historical and dispersal factors were not considered.
Knowing the distribution patterns in a species' range and the factors that influence them is a good start for environmental management plans. There is no doubt that the newts in the Montenegrin karst area, especially the holokarst, are endangered due to the area's inherent unpredictability in many respects. Thus, good connectivity between the breeding habitats is essential if recolonization is to follow extinction, but due to extremely hostile surrounding terrestrial habitats (dry terrains with rock/crevices, cliffs, etc.), and the large distances between ponds, the corridors between water bodies are most likely to be ineffective.
